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(57) La prisente invention concenie une GDP mannose 
Fyrophosphorylase. L'objectif de rinvention 6tait 
d'obtenir une GDP mannose pyrophosphotylase k un 
coflt acceptable et qui, en particulier en raison de sa 
monofonctionnalit6, ne provoque pas de problimes h 
long tenne dans des processus continus i plusieun 
idiases. Dans ce but, Tinventioa propose une GDP 
mannose pyrophosphorylase sp^cifique de la mannose 
ou de dAiv^s de la mannose, pouvant (tie isol^ dans des 
microotganismes, et dont Tactivitd sp&ifique est 
supMcuie ou <gale k 2 U/mg. 



(57) The invention concerns a CDP-mannose- 
pyrophosphoiylase. The aim of the invention is to 
produce a GDP-mannose-pyrophosphoiyiase which can 
be obtained for an acceptable outlay and does not cause 
problems, in particular because of its monofuncti(naIity, 
in continuous multiple stage jnocesses. To that end. a 
mannose- or mannose-derivative-specific GDP- 
mannose-pyrophosphoiylase, which can be isolated 
fiom microorganisms and has a specific activity of 
> 2 U/mg. u prepared. 



■♦I 
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(57) Abstract 



^TJeinvenuoo concems a GDP-mannose- 
n^«5oB>»ioiytee. Tlie aim of tHe invention is to 

aw be obtained for an acceptable ouUay and does 
not oose problentt. in paiticular because of its 
"MiiofiBjctionalify. in coottnuotis multiple stage processes. 
TO that end, a nunnose- or nannose-derivative-spedfic 
ODP^nannose-pyrophosphoiylase. which can be Isolated 
rrom inicioorganisnis and has a specific activity of i 2 
Wnif, is ptepaicd ' 



Enzymatic synthesis of GDP-a-D-maxmose 



srp 



1 BM-iMwi > > w n w »ii |iMH gttaa 



The object of the invention Is a new GDP-mannose- 
pyrophoaphorylase (GDPMan-PP) that is aonoftmctional with respect 
to the hexose residue, of microbial origin, which has a specific 
activity >2 U/mg; and it comprises a method for the preparation 
of said enzyme as well as its use in the preparation of GDP- 
mannose. 

GDP-nannose is one of the activatad sugars that at this time 
have been extensively examined, and which can be reacted with 
glycosyl transferases to form oligosaccharides. Moreover, it 
forms the starting material for the preparation of GDP-fUcose. 

GDP-mannose pyrophosphorylasa has bean known for a long 
time. It has been Isolated from various sources: in 1964 by 
Preiss et al. (J. Biol. Chem., Vol. 239, pp. 3119-26, 1964} via 



the xsolatioa of the entyme from ArthxoJbacter ap. D. Shlnabarger 
•t al. (J. Blol. caiem., vol. 266, pp. 2080-08, 1991) describe the 
isolation of a aultifunctional GDP-Man-PP fro- /seodoaonaa 
al^Sty" l3o»era3. ««i pyrophosphorylase 

A GDP-Maa-PP Isolated from mammalian glands catalyzes both 
J^'«nri^?!'' fiDP-mannos. and GDP-glucose. A CDP-Han-PP with 
70,000-fold purification was prepared from porcine thyroid 
glands, which presented no GOP-glucose synthesis activity. 
,oo,»^' ^O^- 268, pp. 17943-50, 

tll JT'''^ Isolation and 5000-fold purification of GDP- 

Man-PP from porcine liver, where 4 mg of enayme with a specific 
activity Of 9.25 U/mg was isolated from 1 kg of liver in a 
aultlstep purification. This entyme catalyzes both the formation 
Of CDP-mannose and of GDP-glucose. 

Mbre recently, GDP-Mar-PP-ouelle [sic, possibly quelle - 
source J has be-.n obtained primarily from yeast (5. cerevisi.e), 
as a rule, it is not subjected to a specific purification (P. 

WO93/0820 Al, a report is made of the purification of 6DP-Han-PP 
from yeast, where an enzyme solution with an activity of O.l u/mt 
v« obtained from a yeast cell extract by fractionated (NH.)^o. 
precipitation and dialysis. 

In summary It can now be observed that the commercially 
unavailable GDP-Man-PP is either isolated with very great ^.pense 
or it is used in nonpurified or only partially purified form; 
also, and the forms of the «xzyme differed, in p«± presenting 
BUltlfunctlonallties. 

The goal of the Invention therefore is a GDP-Man-PP that can 
be obcalned for an acceptable expense and does not lead to 



6 

problams, particularly bocausa of its «onofuncticnallty, in 
continuous ttultlnla «^Ji/T^ . w 

Ih. GD^ « f T P~i«5. Of ««.. 

«tralM aa w«ii .. «_ x^"^9, B» afjbtllia, and 5. eoli 

mcTLr;: Lu'fHCn 'r " 

Bako «*^«>A« ror aodlflcation by ganatic anglaaarlng to 

»aka producing atralna «k1 l^to vhlch plaamid, of the ka^ L. 

eo«..r=l.i production 1. „tlr.ly i««pt.^ 

for *^ th. extract 

Z^t ^. ''""^^ •«^'ity (to'thr^ 
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Coa5)arl8on of the .n^ya, ,ourc« for GDP-». 




Key: 1 
2 

3 
4 
5 
6 
7 
8 
9 



Enzyme soiirce 
Specific activities 
Baw extract (U/ag protein) 

«w eemgijioaa (Shinabarger et al., i99l) 
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10 
11 



wSJr^' GDP-Har-PP and phosphoBannose 

w?2'^5^* ^"'^ individual Beasur«aent 



one can clearly see the superiority of the strategy, 
according to the invention, of preparing a productive enzyme 
source of a mono functional Caannose-specific-) enzyme. 

Thi3 enzyme can be used for the preparation of GOP-mannose 
in larger amounts, and it is advantageous here to start with the 
cheaper aannose-e-phosphate, which is first converted into 
nannose-l-phosphate using phosphoaannomutase. 

Both 6DP-Man-PP and phosphomannoautase are obtained, 
particularly starting from producing strains that contain the 
corresponding genes (rfbM or rfbK) after it has been Inserted 
into a plasmid and the plasmid has been inserted in the 
corresponding producing strain, using the following strategy: 



1. Aoqplification of the gens with PCR (vent [unconflzaed 
translation] polymerase) 

- After the cheaiical synthe'sls of primer based on known gene 
sequences, the genes are amplified by PGR with the vent 
polymerase. 

2. Cloning of the gene In the plasald pOClB (blnnt end with Snal 
enzyme) 

Cultivating In S, eoli DB5a 

" After the separation of the amplified gene in an agarose 
gel and isolation of the gene from this gel, the genes are each 
llgated with a vector pDCl8 (coupled) that has first been 
hydrolyred with Snal (restriction enzyme) for the blunt-end 
linearization. The llgated vectors are transformed in a strain of 
«. coJi DHSa prepared for DNA uptake, then the cells are grown 
on a solid growth medium. 

- The positive transformed colonies (white colonies on the 
agar plate) are Isolated and again grown as above. 

3. Cloning of the gene in the expression vector pT7-6 using the 
EcoRI and BamHI restriction sites 
Cultivating in S. coii BL21(DE3} 

- From the positive transformants, the plasald (plasmld 
pOCie ♦ inserted gene rfbM or rfbK) is isolated, then hydrolyzed 
with the enzymes CcoRI and BamRI. The expression vector pT7-6 is 
also hydrolyzed with the enzymes BcoRI and Baafil. 
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- After th. ligation of pT7-6 with th. Isolated gena rfbM or 

rfbK, a atrala of IS, coli BL21 (DB3), which has baan prepared for 

Is transformad with these genes, the transforaants are «ro;m 
on a solid nutrient medium. 

~ ^^^^ the isolation of individual colonies and renewed 
growing en a solid nutrient medium, each plasmid with th* 
corrasponding gena is isolated and hydrolytad as a control. 

- Tba positive tranaformanta are grown again on a solid 
nutrient medium and are subsequently stored. 

Below, the invention is explained in further detail and with 
reference to specific embodiments. 

The biosynthesis .of activated sugar, particularly *GDP-alpha- 
D-mannose, is, in vivo, often carried out starting with a 
-onosaccharlde (for «taapla, mannose) that is phosphorylated at 
C6. The sugar-6.phosphate (for example, mannose-6-phosphateJ is 
converted into a augar-l-phosphate using a phosphemutase {EC 
5.4), particularly In this instance a phosphomannomutase {EC 



Mannose-6-phosphate Maanose-l-phosphate 



(I) 



Pyrophosphorylases belonging to the group of nucleotidyl 
transferases (EC 2.7.7), particularly in this Instance the GDP- 
alpha-D-mannose pyrophosphorylase (EC 2.7.7.13), catalyse the 
transfer of a nucleotidyl group from a nucleoside triphosphate to 
form a augar-l-phosphate with the release of Inorganic 
pyrophosphate (see Felngold and Barber, 1990, in Methods in Plant 
Blochem, Vol. 2, pp. 39-78), particularly the following reaction 
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•ubstrat. for glyco.yl traaaf^rMM (ec 2 41 v 

-ugar portion to « •cc.pt^ !!!! 

(1964) in M.. En^^n vol J ^r^'- 

Vol. 300, pp. 694-699) . ' ^^^P^^^'^ 

Since the chemical, ayntheals la oftMx difficult and ±. 

out that th. no».„», r..ct«J .cumM ll^l , 

1«« found, SDP-a»ano.e-pyropho^hotyl„,, eoapl«l „ith 
Phospho«nno„-i,o.„„, .ctmty laxlntt^r .t 1., 1991, 

»93, BlochlMic. .t Blophy,. ^u. Vol. pp HllaiK ^ 
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the euJcaryotlc species as well, GDP.»annose-pyropho5phoryla3e has 
been Isolated (Szuinllo et al., 1993, j. Biol. Chea., Vol. 268, 
Ko. 24, pp. 17943-17950). The activities that were detetaiaed^' 
conversion to GDP-glucose (1001), iDF-glucose (72%), and GDP- 
■annose {61l)~suggest that this pyrophosphorylase Is instead a 
GDP-ylucose-pyrophosphorylase (EC 2.7,7.34) . 

So far, the phosphanannoautase (EC 5.4.2.8) has only been 
considered in connection to alginate biosynthesis (Sa-Corr.la et 

PP. 3224-3231 and Goldberg et 
«1., 1993, J. Bacterlol., Vol. 175, No. 3, pp. 1605-1611). 

The entyaatic synthesis of GDP-aannose has unUl now been 
described by Siaon et.al., 1990, in J. Org. Chea., Vol. 55, pp. 
1834-1841, Hong et al., 1993, in HO 93/0820, Hang et al., 1993, 
in J. org. Chea., Vol. 58, pp. 3985-3990, and Palanka and Turner, 
1993, in J. Chen. Soc. PerJdon Trans., Vol. 23,- No. 1, pp. 3017- 
3022. These work groups all use a protein preparation obtained, 
according to a aethod described by Munich-Petersen in 1956, froa 
yaast cells, and they synthesize GdP-aanaose starting with 
aannose-l-phosphate prepared by a cheaical route. 

By cloning in a (production) expression vector (plasaidj 
(PT7-6 froa the Novagen coapany) and (insertion) transforaation 
in a (production strain) expression strain JSschcrdila coJi 
BUl(DE3)pLy8S (froa the Novagen company), a phosphoaannoautase 
and GDP-aannose pyrophosphorylase were then developed; this, 
according to the invention, can be obtained in larger quantities 
than froa the sources known so far (see Table, page 3) . Both 
enryaes originate froa 5aI»onelJa enterica, group B (formerly 
5aJaon«Ua tj^ahiauriua LT2) . The genes (rfbM codes for the GDP- 
aannose pyrophosphorylase; rfb K codes for the 
phosphoaannoautase) are located In the rfb gene cluster whose 



44 rAA 



»tructur« and sa«,««^ v 1^ 

««or poc« TOo™„« eo«p,Z "r.r* '^o"*" 1» . 

P"-« fro. u,. eo,^ ^ « «Pc.„i,a v.^^,, 

(2 mln at io,ooo tpai, . «n<J c«ntrifugatlon 

— Miouiun, sulfate In soim «nmoiiium «Qlf>tr« 
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and II abcre,. ' <i*.crlb.d for them Uao I 

GDP- JLte"^^::^^^^^^^^^^ Of 



RMctlon scheme l; (also see Figure 14) 



K«nBO«« ♦ ATF _ ^„ 

PBP ♦ ATP ^ ♦^••-•-Pho.pluf + ADP ci, 

(2) 
(3) 



Reaction i: HexoJclnaae 

Reaction 2: Pyruvate kinase 

Reaction 3: Phosphomannoautase 

Reaction 4: GDP-iaannose pyrophosphorylase 

Reaction 5: Pyrophosphatase 

Reactions 1 and 2 hav« ai u 

of iaanno,e.6-phos»hri.! T l ^ ^ ^ ""^^ production 
•Mwnose 0 pnoaphate by Palanca and Tumar loo-* t /.v 

PerJcln Trans., Vol. l, pp. 3017-3022 
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With . ».wly <u„acp«, contl»««„ .p.etrc^ l^ , '^!'!"','^ 

itc 2.7). In tli« Baxm«r described below it- 4. 
possible to determine, by the iis« «f i-h. v ! 
Phosphates or sugar 1^ I.V.. \ '"bstrates (sugar-l- 

- wt sugar in tbe case of neuraminic aeiHi 

pr„„U „ activity 1« th, t«t «i2r, o, >0.r^;^' 

pv~p.,.te-<^^:::jr,:;:;^;„~- ^^^^^^ • 

or b.ct..l. Kc s.7.,.,0, with t«ctc..-.-p^jZ?^t/r." 
produced with the triose Bh«««>,.v. 4 Phosphate Is 



«l«/2y/¥« tHi 10:24 tJLL 
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Reaction schema 2: 



-t^fi^ctose-e-Phosphat ^ 
Fructose-l^S-p, 

DRAP 4^ GAP 

2 GAP + 2 NADH 



GDP 



^axmcs 



'rucco8e-i,S-p, ♦ 
DHAP GAP 
2 GAP 

2 G-3-P ♦ 2. MAD 



(2) 
<3) 
(4) 
(5) 



Key: 1 
2 



GTP + Mannose-l-phosphate 
PPi ♦ fructo3e-6-phosph«te 



(1) GI>P-Mannosa-pyrophosFhorylas« 

(2) Pyropho5phate-d«p«ndent phosphofructoJclnas* 
{3} Aldolase 

(4) Trlose phosphate isonerase 

(5) Glycerin-3-phosphata dehydrogenase 

The following examples present the protocol eccordiag to the 
invention in detail. Reference Is made here to the drawings in 
the appendix, where the figures represent: 



Figure 1: 
Figure 2: 
Figure 3: 
Figure 4: 

Figure 5: 



the cloning strategy 

the expression vector pERJ-1 

the expression vector pERj-2 

the SDS-gel electrophoresis of the expressed 

gene products of pERJ-1 and pERJ-2 

chromatogram of the gel filtration for the 

determination of the molecular weight 



Miva acfciroy • a««oc. 



Figure 6: 

rigors 7: 
Figure 8: 
Figure 9: 

Figure 10; 

Figure 11: 

Figure 12: 

Figure 13; 

Figure 14: 

Figure 15: 

Figure 16: 
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atability of « GDP-Mn-pyropbosphorylaee at 
4*C 

the aubatrate excess Inhibition of 6TP 
the substrate excess iahibltion of K-l-P 
the coapeUtive inhibition of GDP-Kaa with 
respect to GTP 

the nonccaapetiUve inhibition of GDP-ifan with 
respect to M-l-P 

the influence of the pB on the synthesis of 

GDP-aannose 

tha dependency of the synthesis of .gdp- 
aannose on the enzyae concentration 
the E * t diagraa for the synthesis of 6DP- 
M starting with aannose-l-phosphate and GTP 
reaction scheme of the blos^thesls of gdp- 
nannose froa aannose 

synthesis of GDP-aannose starting with SbM 
nannosa 

capillary electrophoresis chromatogram of the 
GDP-aannose prepared 



Exaaple I 



Cloning of the genes rfb M and rfb K from the rfb gene 
cluster of SaiaoneJJa enterica, group B. 

Using a DHA data bank, the genes rfb M and rfb K were 
Identified in the rfb gene cluster, and the reading frame was 
aetermlned. 



\ 
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rfb M: codes for th* GDP-«lpha-IHnannosa pyropho8pboryla«« 
(EC 2.7.7.13) 

Length in Bp: 17386-18831j 1445 base pairs 

Start codoa: ATG 17386 

Stop codont ZAA XAA TAG 18831 

Riboscae binding site: MA. AGA GMT 

rb£ K codes for phosphomftnnoautaae (EC 5.4.2.8) 
Length in Bp.i 18812-20245: 1433 base pairs 

Start codon: AT6 18812 

Stop codont TAA 20245 

Rlbosome binding site: 6AA GGA GTG GA 

For the in vitro an5>lificaUon, the following 
oligonucleotide primers for both genes were detennined. 

rfb M: \ 
Primer l: (rfb Ml) S'-CTT GCG TTA CAA ATT AGG CA-3' | 



rfb K: 

Primer 1: (rfb Kl) S' -CCC CCT GAA GTT ^AT TCA GA-3' 
Primer 2: (rfb K2) 3'. -CCA TTT AAT CCT CAC CCT CT-S' 

The length of the gene is thus increased for rfb M to 1633 
Bp. and for rfb K to 1606 Bp. 

The PCR is carried out as follows: 



Primer 2: 



(rfb M2) 



3'-ATC TTT TAC AA6 ACC GCG AG-5' 



0«/29/«7 FRI 19:29 FAX 
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Tabl« 1. PC31 preparation for th* cloning of rfb M and rfb K 



^dWf, dCTf, dCT». dTT> 3« I.IS 

Ptimt X 

tZb HI 

Tzimcr 3 

rfb X2 

(n 3 M/XOO lil) 
Hsa, (as M<) 



id 
U pi 

c.a la 
UJ pnoi/iat 



(19. « p<M>l/|iXl 



r Ml 
30 ni 



X Ml 

%x,i la 



Ml 

131. i pmoUuii 



30 Ml 



Key: l Vent polymer 

2 Vont polymer buffer (lOx) 

3 dATP, dCTP, dGTP.^clTTP, each at 1.25xnM 

4 Genomic DMA from 5almoneJJ« 



The preparations are covered with 70 of mineral oil each, 
to prevent evaporation. 
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Vent polyneraa« buffer (BioLabs, New England) (lOxJ 
20(Wf Iris-HCl, pH 8.8, IOObK KCl, lOOBM (llH«)2S0o 20aM 
MgSOo 1% Triton lOOX (w/v) 



The following condition* were; selected to run the PCR: 



S Bin 


98*C 




2 Bdn 


95*C 


repeat 6 tloea 


30 sec 


49*C 




90 sec 


72«C 




1 Bdn 


95*C 




45 sec 


49*C 


repeat 25 tlaes 


90 see 


72'C 




2 min 


72*C 





Cool 

After the PGR, the aa5)llfled genes/ each 1.6 JcB, were 
isolated according to Lau and Sheu,. 1992, Meth. Mol. Cell. Biol., 
Vol. 3, pp. 190-192, from an agarose gel, also, each was Ugated 
in an auxiliary vector pUCiS, which has first been "blunt ended* 
linearized using the restriction enzyme Smal. The ratio of the 
vector to the DMA fragnent was appi^oxlaately 1J4. The ligation, 
was carried out overnight at 14*C. ' 
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Tabla II. Preparationa for fcha ligation of tha PCR product* In 
pDCie 



T4 ligase 




1 




Ligase boffar (lOx) 




« 




Vactor pDCXS/Smal 




1 


20-60 )tg/praparation 


HtO (8t«rUe) 


rfb N 


12 






rfb K 


18 




laOl fragaent 


rfb M 


10 


60-240 }ig/prap&ratioa 




rfb K 


4 





Ligase buffer (lOx) : O.SM Tris-HCl, pH 7.6, lOOmL MgCl», IOObM 
DTT, SOD pg/mL BSA 



Tills vector vritb tbe Inserted gene was trans foxaed In 
competent cells of Escherichia coJi DBSalpba (according to 
Hanahan/ 1983, J. Mbl. Biol., Vol. 166, pp. 557-580). Tox this 
purpose, 5 |iL of the ligation preparations and 15 |iL of sterile 
HjO were each reacted with 200 |tL of coapetent cells that had 
been thatfed on ice, then incubated for 30 min on ice. The 
preparations were then heated for 40 sec at 42*c, aad again 
placed on ice for 2 nin. 800 uL of 80C medium were then added to 
the preparations; the preparations were then incubated for 1 h at 
37'C, then spread on LB^v-ioo agar plates, which were coated with 
X-6al. 



A«piclllln 100 ag/L 

po.it!:: «:o':!:.:i\'r'* ^" « - 

1979, . *" '«««>'*1«» t» Ma*,!. ^ p,,y^ 

llg«.d 1„ th. .»r.«i™ rfl> K ««, l,.l.t«l. th«. 

v"** expression vector {pI7-6), 

Table nr. Preparations for the lloatlon o# i-k 

^O) K in PI7-S ligation of the genes rfb M and 
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T4-llgase buffer (lOx) 
Vector PT7-6/ECO RI-BaaHI 
HaO sterile ^ 

_ rfb K 17 

rfb M 8 
rfb K 3 




1 
S 
2 
13 
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titZT,.. <»' wa. t«.et«d with o.03>M 

onto „ ««^poti:mLt°;r=^ " 
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r,c.exicMa coii BL21 (DX3,pERj.2 va, cultured described 



eccor^JT'T"^*^'*^^' -Lctrophoresi, wa. carried out ' 
^rdlaff to Lee«ai, 1970, nature. Vol. 227, pp. wo-^rr 

..c.e:!::!:i:,r^^^^ .e pyrcphcpHoryU.. .™ 

«t 37*0 In a shaker at 120 rpm 

200 ^ in . xooo-^ Erlto»y,r with Mn„u 2 L ofi^ 
w.r. pl.c.d m «eh of flT. S-t fl„v, -ith Jl„ ^ 

ITO !LT«n . : ' • • "-"^ incubation with 0.4m 

20 C) and washed twle. with SOUi itla-Hci nn . * 

«. th„ d.t.»in«, upp^^iT."*, ^'«^;io? w7, r,^r' 

dl.lnt.ar.tor s by «.t jrlndln,. Tor thl, puxpo,., 4^, of e.ll 

,S «^ "Parat^i by . 15-1.1. c«>trlf„,.tl6n (Sox«ll 

r» «t^t =l««ed, thay fox«d the 

™ .xtraet for the «aoh «ehaa,, chro«t.,raphy oh 0-s«,haro.7 
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{hSttpharoae ff: 

with .pproxl«t,ly .0.^ 5,^!''!' • f • •l"""' •t«t. 

•luted Witt .pptoxlaat.lv Mo L,.T.Z^ '^^ ^ 

•n«y«. U .lut.d Min, , „,di"t " «• 

(totU vol», 1000 tt,.. Z 2.1 ' *°* 

ultr.«ltr.«t stK"^",!:^ - 
*ro«to,r,ph.d in . ,.i mte«,rL.f ' "«» 

Ih. r«»«binMit GDe-mMmon . 
=an«.tr.t.d by ..3 tl«7^" 'HT^^T":*"' 
spedtlc .ctlMty of s u n/- . *" ' »' "-S*. • 

>"1»» Q-S.ph.ro3., »ith , yi,aa1; P»rtM«tloB *,ctor of 2 
hydrophobic l»t.«ctl«. L^t^.pf ""f*^"' 
" . r.„u or th. eo^l».tl»T^^ ^. «T.T~" 
to . «l,tlvely high le., of 40t Tl fmetlow, 
»P.em= .ctlrity to 2.27 u/J " ^ 



~n«"C~LMo'^ r-^'" ryr.pho.pho.yl„. 

.i«t«phox„i,rsm^"::! -^»w«ywa. ,.1 

."PI. fro. tt. p„i«««„, „. .boj/."^^'? , 
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larwtlon, for phosphorylaaes, m described b.low. Two .ctlW 

Of 208,700 dalton aad 107,800 daton. In th« aatlv. .ft. th. 
•nxy.. wa. thus In th. fox» of . dl«ar or . t.trJr 

rltil'tT^f'^l^'T:: 'f"* Pyropho^horylase, 
r«ault3 of th* Individual purification atepa 



^ p^Tt^ '^'"^ 

profit .kti^nt M«lviut «^or /TV 



Key* 1 Saatpie 

2 Total protein (mg) 

3 Total activity (U) 

* Specific activity (U/ag) 

5 Purification factor 

« Yield (I) 

7 Raw extract 

8 (Phenyl Sepharose) 

9 (Gel filtration) 
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action «d th. GDP-.iph.-«n„o,. pyrophosphoryU... ° 

1) K)«]iln«tion» of »t«bllity 

"tT^ ^ Pr^tlon. Without . ..J^xLTZ 

1^1 «' «♦ ««■ «», r.,p.ctl«ly 

rttCh.i«,r., th. .tabUlty .t 30^: w,. «a«in,d fc. 

30 C in SOM Tri,-aci, pa a« m^i., ^ „ .^Ivlty 
d«.rnlnatIon v.. p..fo„.^ ^„„„, ,^ ^ 
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Stundea (h) 



0 
3 

e 

30 



S3. 7 



aoo 

99,9 
t5,S 
«7.7 



* m% vir and o.08 nn H-l-p 



Key: i 
2 
3 
4 



Houra (hj 

Activity (atJ/mg'L) 
R*latlv« activity (t) 

J^ffi-?""^""*" with 2« GTP imd 



2) Deteralnatlon of th« le- • 

!«?^r'r "Itmion, With 

actlnty detemlnatlon by unssA. 

»> In Ui« d«t«tmination of tha t wi„. 
for SIP »nuinosB-l^ho^s.. 

GIP was used « eoncmr.tlon. or O.OI-iow iriwr. 7, . 



V. KiBrtle coMttttj for . 



fci value 
1^ value 

value (excess substrate) 



OTP 

0.2BM 
2.4 tJ/ng 
10.9BM 



M-l-P 

• 

0.01 
1.8 Xf/mq 
0*7&M 



3. ln«„.„„ Of SOP-«=„o« «, 3^«.„,, 



Activity deteialnation by nussa 

Of 0.08aM. • "••^ * constant concentration 

ae concentration of GTP wss k ^ 

The GDP-»anno,e was u!!! '^^•^ '-OSaM and 6 ««. 

test. ^" "'•^ »^ S^^JW' lOOMM m the 



0»/M/»r FW 19 .31 FAX 



The 

'«9ur. 10,. li. c2L"".:V^-^" ""^^ *» -1-^ 

«^A«cati Ki vaiu, wa9 118^1. 

4) Substrate spectrum of the mo - 

the GDP-ittannose-pyrophosphorylaae 

Conditions: Th» rno 

TH. GDP.«anno5e pyrophoaphorylas, . 

Both in a) and in h\ 
With th. natural .»b,tr. L ^"1"°" '"^^ "'^^rui^^ „=.pt 



mpptosptat.,. « 1« . for, eoupl«l to tt. 

Wie synthesis was carried on^ a4^^ 

Pho^hat. 1„ . total ^Jfoi 7^ trZ' t . 

«r. r»o«d fro« the preparation and h..t.a foi S ila at 

^ r ""'^'"'»"°» '^rf centriru,,, l^oo r^, 2 

t*. curves, the content ot CTP Bid GDP-™^., could be 

deletion LT^ "'• -^""y 

M P»™'»t. Wnase) have optl»» 

tofHiT , 1987, In Blochenlea- 

^ r th °' ! -^""-^ •^«»»"- 

•••pudency of the .^the.le of GDP^o,. on the 
".y« concentration of GDf^ pyrophoephorylase J 

.,"1 °' °'^-"»"«' -it^ incubation tl-., and 

mcreaeed enrj™ concentration, iri^re 12, . The nultlpllcatlon 



0$/ 29/97 FRl W:32 tAX 



K«ipn «mror 4 a««oc. 



ILT, concentration by the Incubation tl». lead, to . 

reaction constant (Z * ti rr i.k- *««a» to a 

Incubation time 1, !k I ««c«^tration or th» 

* r»^ir ^r^^^'***' can be obtained if 

the B * t product i» maintained constant. For «x E * t of 20 

.elected condition., reaching a yield of GDP^o.e of 
approxlaately 90% (Figure 13). -««>o.e or 

Exaaple Ii 

Nucleotidyl tranaferaae substrate assay (NDSSA) 
Keaction scheme 2 



3 



(1) 
(2) 



NTP + suqar-l-phosph*te NDP-suiar * PP, 

!!* * '^*='«"-«-PJ^osphate Fructose-1, 6-p, + p, 

3 Pructose-l,6.pi DHAP ♦ GAP 

III ^HAP^GAP 20HaP 

(5) 2DHA.P + 2HADH + E* 2 G-J-p + NAD* 



<1) Pyrophosphorylase, (2) Pyrophosphate-dependent 
Phosphofructojcinase, (3) Aldolase, m Trlc3« phosphate- 
Isomerase, (5) Glycerin-3-phosphate d^hytlrc^-enaae 
HIP: Nucleoside t*'lphosphate/NDP: Nucl,c«.d, diphosphate/DHAP. 

iTa::^::r ^-^^^ ^^^"'^^ -<«^hy^.-3-.ho:^Z;.. 
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O'Brien, Bowien, «nd Wood d««eribed In 1975, J. Biol. ch«.. 
Vol. 250, Ko. 22, pp. e«90.8«9S, « coupltd photomotric «xu^« 
test for ■••sttrlag a pyrophosphate-dependent pho.phofructoklna«; 
CPPxPFK), which was dlacovorad for tha flrat tlaa by Kaavaa at 
al., 1974, J. Biol. Chea., vol. 249, pp. 7737-7741, In AiCaooeba 
hlBtolyties. In this aaasnramant, tba PPiPnc was eouplad with tha 
raaction of the aldolase (raactlon 3), tha trlosa phosphata 
isomerasa (reaction 4), and tha glycerln-3-pho»phate 
dehydrogenase (reaction 5) . Tha reaction was nonitored by • 
photometry at 340 nn. 

The following enzyme test (NDSSA) coupled, accordipg to the 
Invention, the reaction of the nucleotidyl transferase with this 
test system; it thus makes it possible to measure any 
pyrophoaphorylase or any pyrophosphate-releasing enzyme. The 
HUSSA test was optimized for measurement in microtlter platas 
with a total volume of 200 }iL. 



1^1. VI. Co^.itl<m ot th. «os« ««,« t.« 



Aldolase 

^Trla..photpiut-X«,ii4r*»« I 0/200 il 
/^y^'vvplkoophorylftto- 



SO «N 

' 5 m 
A.IS an 
3,S wm 

rwlabol 

•♦0> O/300>l 



® 







to la 


10 jil 


10 »i 




" #1 


10 la 














a« Hi 


»o. <a • « ,i 






« a 














20 »i 



K«y! 1 Final concentration 
2 PPtPnc test 
3 

4 



Pyrophosphorylaao test 
rructose-6-phosphate 
5 Sugar-l-phosphatft 
! Nticleoside triphosphate 

7 PPiPFK preparation 

8 Triose phosphate-isoaerase 

?n f^y<=«'^-3-Phosphate dehydrogenase 
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case of pyropl»o»phoryla»«8. ' 
Ihe-followlag for««i. v., „„d to calculate the activity: 

volume)/ (1000 * aa»ple voluae * d * i> 2) 

» {10-» AE/ain * aaaple dilution • 200 mL)/(io> * 20 uL * 
0.67 cm ♦ 6.3 (lAamoir» ♦ cm"*) * 2) 

- AE * sample dilution * 0.0012 |iaol/ai ♦.ain 
Use of the NUSSA enzyme test 

1) txaaple see above: Activity measurement of the GDP- 
»«nnose pyrophosphorylase 

two d!L™7'" *^ P*"?^*,.,!.,.. in 

cwo different enzyme sources: 

a) Escherichia eoli BL2l<DE3)pLy5SpERJ-l 

b) Rico (Oxyra 5atlva L.) 

simnir r'"'.?*"* ^^'^"^ ^' purified. AS a 

(5ola«u«;to2,ero^ua L.). The purification wa. carried out 
according to the method described by v»n Schaftlngen et .1., 1982 



In Bur. J. Bloeh«m., Vol. 129 toi «ae 

voi, pp. 191-195. jj,^ enzyae (PPiPnn 

va. stored in 25% glycerin «t -20*C. 

J:5cfcericWacoiiBMl(DB3)pty»spl»J-lv«s cultured wd * 
broken «e described ebove. The resulting raw ho»»gen.te was 
^trifuged at 10.000 rp. for 2^.^.1 20^07^^:^'^ 
the ens^p.. test (21.02 mg/^). the rice was broken up according 

aln, 20-c, «d it was used aft a raw extrsct (4.2« »g/»L) in the 
eniyae screening. The substrates tested weret 

a) Nucleoside triphosphate: ATP, CIP, gtp, utp, dTTP, each 
at IsM in the test with glucose-l-phosphate {2.SaM) 

b) Nucleoside triphosphate OTP (laM) 

Sugar-l-phosphate, each at 2.5bM in the test 

Table VII shows the specific activities of 

pyrophosphorylases in a microbial and in a eukaryotic ensyae 
source. 
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t.Sf 
•.It 

l.tx 



1 
2 
3 
4 
5 
6 
7 
8 



Rice (an/ag) 

o-D-ciucos«-i-phosphat« 
a-D-Giucosanlae-l -p 

a-O-Galactosaalne-i-p 
o-D-Glucuronic add-l-p 
a-I>-Galacturonlc acld-l-p 
20 ng/aL S, coli BL21fDE3»Brv« ^fr^ , 

Mtiva raw axtract In «>k. ng/aL of Oryza 

deteralnation^ i^^*^' '^'''^ P"Paratlon. Activity 
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For the aoalvsiii 

currwit 

•l^tr^hor.*^^ ««.^! ^ «»c«tr.M«. fro, th. 

•gressioa can b« applied: 



60P-aamjose 



wita a. 0.0534 
b.* 3.5314 

Total raeaai .rrr^.V ^'f^ 

^■ra arror: 0.4024 ♦ io-» 



V - b * X * a vith 0.0552 

to: 3.4742 

total - 
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Cttlturlng of jr. coii BL21 and brtakup of th« cells: 
at 37»C in a shakar at 120 rpa, as for CDP-aannosa 
pyrophosphorylase 

Thm raw axtract obtained vas loaded on an anion exchangeri 
Q-Sepharo«« IT: 

77 nL of Q-Sepharose IT were loaded with 122 bL of raw 
extract (with a 14 ng/nL protein content) • A linearly Increasing 
gradient (50aM Trls-BCl, pH 8, 0,€00m KCl) was prepared, then 
the protein was eluted between 280 and 460BM KCl. the active 
fractions were co&blned, then the protein was precipitated with 
311 (NB«)aSO«. After centrlfugatloo (15 mln, 10,000 rpm, 4*C) the 
pellet was dissolved In 5 bL Trls-HCl, pR 8. The enzyme could be 
obtained with a purification factor of 2.4 and. a yield of 78%. 

Table VIII. Partial purification of the phosphomannoautase 

® '■ ~ 

0-»«pl>«0»« tU.l IM.S O.ac U9 l.« 7t 



Key: 1 Total protein (mg) 

2 Total activity {V) 

3 Specific activity (U/ng«L) 

4 Voluma (aL) 

5 Purification factor 
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5 Yield (I J 
f Raw extract 
8 Q-Sepharose 



Buinnose 



"rri.,, out startlu, with «„no„ ,1. th. h«oM^Vlu««, 
pho,ph,ryl.tlon at C«, i30««l».tion of «»no,e-«-X»^rt1 

or^os,-l-phosph.te With GTP to GDP^„ vith tte^r 
"annoae pyrophosphorylasa. 

f * ""^ "cycled, by the conyatslon or th. MP 
producad 6^in, tha ha,oUnaa, ..action, with phosphoanol- 
pyruvat. and c.taly,i, by tha pyruvata kina,., to torn ATP and 

rapatitiv. batch- procadora. rh. total «1„« of the .yntbatic 
or Bald synthetic preparation: 



or* 



fm 



XCl 



Q 



X mm 



4> 



sm 
s wf 

1 0/«l 

SO i«f 
10 itft 
10 «H 



^•y- 1 Quantity „„d 

3 yinal concentration 

th. ^con cc^„, to s lT^ " 
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('rlJ? "^'^ ' T P"I»"tl«. With ™b.tr.t. wxutlo. 

repeated one aors time. . 

W»L) and incubated for 24 h In order to dephoaphorylaf 

T^tir''\'^:' ^^P^»P»«tes or sugar phosphates such 
as aannos^S- or 1-phosphate. tt. actlmed sugars ar. not 
attacked by the phosphatasa. 

« *^^^°.fi^' ^'''^ ^ "•ct.d three 

times with 215.3 ag of nannose. A datetminatlon of the yields 
after 24 h, for each reaction, producedj 




This corresponds to 581 mg of CDP »aanose, with respect to 
free add (605.3 g/nol) . ^ 

After the incubation with alkaline phoiphatasa, the 
preparations were ultraf lltered and purified, then loaded on an 
anion exchanger Dowex* 1x2 CI", Serva. 

^^"^^o-^ eiuted using . linear gradient between 0 
and 0 5M Lid (500 «l) with IH LiCl. The GDP-aannose containing 
solution (900 aa. with 0.92aM GDP-aanaose) was reduced using a 
rotatory evaporator. This fraction was subjected to gel 
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«iitr»tlon using S«phadex 6-10, thtn 

tractions wr« lyophlll,^ Thl lu^s^ff e»P-««n<,a^cont.lnln, 

vatar, lyophllUed, «d analyz^bv c^oiff ' <""olv.d In 

with a coaparlaon of the^H^. c»PiU«ry •lectrophoresi. 

^ tha alactrophora^aro" * " 
lyophUlzata/J^tlr, '""^'"^'^ <1 »^ of th. 
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Figur* 1 

^•y* 1 PCR prod, blunt rad 
Ligation in saa i 
• , Foralgn g^n. 

Expression of rfbK and rfbM 



Patent :/lgents 
Smart & fiiggar 
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Key; 1 
2 
3 



Figure 4 
Molecular-weight marker 



Lane i; 

Lane 2: 
Lane 3: 

Lane 4: 

Lane 5: 



COJi BL21{DZ3)pLysSpm-a wiM,«„*. 
rifaapicln »'ithout IPtg, without 

ditto 



/[gents 



^0^ UU ; ;^«»out mallei. 

out tilth IPIG, Mthant rlfMpieta 

uL* i::; "^'^ '»«wci« 

U: 4' i!! l** "i* rl'-Vlcl. 

1«« W. Uk' s' J"! rlt«.pt«j„ 
' *' •»* '^'^ I»W, .ith rlfZici, 
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Keyi 1 
2 
3 
4 

5 



^(pfielfiltfQtioB an ScphtJec 200 
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Wgur« 5 

Activity m/at, 
Jlutlon voluM (int) 

Sample: 2 aL with 7 / l« 8, 

17.68 ^-^^ OP-conc«.tratloa o< C75, 



pQUni Agents 



OI/t«/ir FIX If: 91 FAX 



9Ml9h HcSlroT * AMoc. 




»niH2SlE(ycen»(S>- 
■ mit (11 m9/(nl BSi£) 



flgux* 6 

Key: 1 TMqp«r»tur« sUblllty at 4*C 

2 R«lativ« activity (t) 

3 Days 

4 With 3M aaaoniua tulfate 

5 WitH 25% glyctrin 

6 Nithout 8tabill2«r 

7 With 0.1 sg/aL BSA 
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Key: i ^yji. 
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^^^l^l!25^S*5^^ fur M-1-P 



Kayt 1 
2 
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SO 100 



2 



<»P-ltennos« (jiM) QDP-»an with respect to GTP 



Smart & Bi-j'^cr 
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0-0 0.02 mMM-H 
«»-»0.05mMM-l-P 
*-*fl.lOinMM-1-P 
^0.15tMM-H 
IMraM M-hP 



Figura 10 

Konroapetltlve inhibition of GDP-b«« with 
GDP-Kannose (yK) 
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Key: 1 
2 
3 



Pi9ur« 11 

xieia or GOP-aaano»« (|) 

Tliaa (aia) 
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Key: 1 

2 
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iTo 

0Zeit[!nin) 
Figure 12 

Dependtncy of the ayatheele of GDP-nan on the enzvm. 
concentration enzyme 

Yield of 6DP-aannose (%) 
Tlae (min) 
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Figure 13 



Gxf ^''^ ^« Of GOP-aan from M-l-P 

Yield Of GDP-aumaos. (%> 

concentration * incubation time (xr*«in/»L, 
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Figure 14 
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•-• 0.5 WiU 60PMPP 
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@Zeil (hj 
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^Synlhese von GOP-Monnose ausgehend «o5mM Man'noM und GTF 
HK11I^,I;PMM1 11A,J,PU0 U/ml;PPa«2U^,l, PEP 7imM;CTP 5mM- 



Pigur« 15 

Kay: l 6DP-Kanno$« (bM) 

2 Time (h) 

3 5yjthe.i5 of GDP.»aaao., Parting with 5nH aannose and 
Total volune 2 nL 
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lU»SMrch crater Joiich QnbH 
PCT/DE9S/00371 
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construct t, ineorpomIS • 
contain, th, rtbK or rt^^^ ""'"c' th.t 

t^t contain, th, rail or rS^l "° "~ 

c.«.:;.rrin~' - - - - --^ci:::;,, 

»l=roor,MU„ * l'"!"-" '«« . 
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dehydroatiiM. h^* '•*>ctlon that occurs ... 

20. Photoaatrle ^^^^-^^ '^•taxaia^. 
d.t.xain.tion o£ p^T 'wT ^"^'"^ „ for tha 
tranaferaaea. ^^^^'^^^ta-roleaalng nucleoUdyl 

21. Photometric* 4. 



